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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to a pressure 
sensitive adhesive sheet for the detection of microor- 
ganisms on the surface of a test object (hereinafter said 
surface is also referred to as a test surface) or counting 
said microorganisms, and to a method for the detection 
of microorganisms using the pressure sensitive adhe- 
sive sheet. 

BACKGROUND OF THE INVENTION 

[0002] For observation of microorganisms such as 
bacteria which are present on a test surface but cannot 
be visually observed, there has heretofore been applied 
a culture method wherein a microorganism is allowed to 
form a colony. According to this method, a solid plate 
medium using an agar and the like is pressed against 
the test surface to transfer the microorganisms on the 
test surface to the agar plate medium; microorganisms 
are cultured as they are under the optimal environment; 
and the colonies formed on the agar plate medium are 
counted visually. Examples of this method include a 
food stamp method using an agar stamp commercially 
available from Nissul Pharmaceutical Co., Ltd. and 
membrane filter method. 

[0003] According to the membrane filter method 
which uses a commercially available membrane filter 
capable of trapping microorganisms, the microorgan- 
isms are collected by thoroughly wiping a test surface 
with saline, phosphate buffer and the lil<e and filtering 
the pooled aqueous solution through a membrane filter 
and the like to trap the microorganisms on the mem- 
brane filter. The obtained microorganisms are sufficient- 
ly brought into contact with a liquid medium to allow for- 
mation of colonies on the filter, and the colonies are 
counted. 

[0004] In addition, Igaku Kensa (Medical Test), vol. 
41, No. 3, p. 352 (1992) discloses, as an example of 
culture method, a film coat method including preparation 
of a film coated with a medium, bringing same into con- 
tact with a test surface and culturing same to harvest 
the detection target microorganism. 
[0005] A method such as food stamp method, never- 
theless, is often associated with insufficient collection 
efficiency of microorganisms, since it has weak adhe- 
sive strength available for transferring microorganisms 
by pressing a medium against a test surface, and is poor 
in reproducibility because of variable water contents of 
the agar medium. Being commonly problematic in vari- 
ous culture methods, contamination among microor- 
ganisms Is inevitable, which in turn results in interaction 
among microorganisms on the medium and precludes 
pure culture, whereby ultimate identification analysis 
cannot be performed. What is more, not every microor- 
ganism is capable of culture to form colonies on a me- 



dium and the culture method is limited to the detection 
of viable cells alone, exclusive of microorganisms that 
cannot grow in an ordinary medium; thus the method is 
associated with possible omission of detection. A mate- 

5 rial limitation on the culture method is that culture time 
of 1-2 days or longer is needed, so that a real-time mon- 
itoring of microorganism detection Is not possible. 
[0006] In the membrane filter method, moreover, a liq- 
uid test object such as an aqueous solution can pass 

10 through a filter as it is. but other non-liquid test objects 
require accumulation of microorganisms by time-con- 
suming cumbersome steps of sampling with a cotton 
swab, preparation of solutions for washing, and the like. 
In addition, this method does not elude the above-men- 

15 tioned defects of the culture method, since the determi- 
nation of microorganisms is based on the culture and 
the number of colonies formed on a filter by culture. The 
film coat method also suffer from various defects of the 
culture method. 

20 [0007] GB-A-2 019 434 discloses a method of testing 
for microorganisms present on a surface comprising ap- 
plying a porous, flexible sheet material having an adhe- 
sive coating on at least one side thereof, to the test sur- 
face so that the adhesive coating Is in contact with the 

25 test surface, stripping the sheet material from the test 
surface, and placing the sheet material on the surface 
of a micro-organism culture medium with the sheet ma- 
terial surface that was not contacted with the test sur- 
face in contact with the culture medium, and incubating 

30 the assembly of sheet material and culture medium. 
[0008] US-A-5,232,838 discloses a culture media de- 
vice comprised of a body member including self-sup- 
porting substrate, and coated on its upper surface with 
a layer of water-based adhesive composition and a layer 

35 of a cold-water-soluble powder. The culture media de- 
vice can also Include an optional cover sheet, covering 
at least a portion of the body member, and an air-per- 
meable membrane affixed to the upper surface of the 
substrate to allow for the growth of aerobic microorgan- 

^0 isms. 

[0009] The technique recently developed to detect 
ATP (adenosine triphosphate) in the cells of microor- 
ganisms Is only applicable to the microorganisms dis- 
persed In water, so that the method for collecting the 
45 microorganisms has been the difficult part. As such, 
there has not been available an easy and simple method 
for detection of microorganisms in the prior art tech- 
niques. 



[0010] It is therefore an object of the present invention 
to solve the above-mentioned defects of the convention- 
al methods and enable real-time monitoring of the de- 
55 tection and determination of microorganisms such as 
bacteria. 

[001 1] That is, the present invention provides the fol- 
lowing. 



50 SUMMARY OF THE INVENTION 
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1) A pressure sensitive adhesive sheet for the de- 
tection of microorganisms, which comprises a lam- 
inate of an adhesive layer mainly composed of a 
water-soluble polymer and a water-permeable 
membrane which does not allow passage of the mi- 5 
croorganisms, wherein the water-soluble polymer is 
easily dissolved in water and passes through the 
water-permeable membrane when dissolved in wa- 
ter, and wherein the water-soluble polymer is an 
acrylic copolymer of alkoxyalkyl acrylate and N-vi- io 
nyi lactam. 

2) The sheet of 1 ) above, wherein the water-perme- 
able membrane is supported by a water-permeable 
support. 

3) The sheet of 1 ) above, wherein the surface of the is 
water-permeable membrane on the adhesive layer 
side has a smoothness of not more than 20 \ivn. 

4) The sheet of 1) above, which has a thickness of 
10-100 ii.m and an adhesive strength to a Bakelite 
board of 30 g/12 mm width to 600 g/12 mm width. 20 

5) The sheet of 1 ) above, wherein the adhesive lay- 
er comprises a chromogenic substrate. 

6) The sheet of 5) above, wherein the chromogenic 
substrate is one member selected from 3-(3,4-dihy- 
droxyphenyl)alanine, 3,3\5,5'-tetramethylbenzi- 25 
dine and nitro blue tetrazolium. 

7) The sheet of 1 ) above, wherein the adhesive lay- 
er comprises an enzyme. 

8) The sheet of 7) above, wherein the enzyme Is a 
phenoloxidase. 30 

9) The sheet of 1 ) above, wherein the adhesive lay- 
er comprises a chromogenic substrate and an en- 
zyme. 

10) The sheet of 1) above, wherein the adhesive 
layer comprises an enzyme-labeled antibody. 35 

11) The sheet of 10) above, wherein the enzyme- 
labeled antibody is against microorganism surface 
antigen and labeled with a peroxidase or alkaline 
phosphatase. 

12) The sheet of 1) above, wherein the adhesive ^0 
layer comprises an enzyme-labeled antibody and a 

chromogenic substrate. 

13) The sheet of 1) above, wherein the adhesive 
layer comprises a chromogenic substance. 

14) The sheet of 13) above, wherein the chromog- 45 
enic substance Is a fluorescent dye. 

15) A method for detecting a microorganism, which 
comprises bringing the surface of an adhesive layer 
of a pressure sensitive adhesive sheet Into contact 
with the surface of a test object, and then bringing so 
the adhesive layer Into contact with the aqueous so- 
lution to allow dissolution, thereby to trap a micro- 
organism in the water-permeable membrane, said 
adhesive layer or aqueous solution containing a 
chromogenic reagent. 55 

16) The method of 15) above, wherein the surface 
of the adhesive layer of the pressure sensitive ad- 
hesive sheet of 1 ) above is brought into contact with 



the surface of a test object, and then the surface of 
the adhesive layer is brought Into contact with an 
aqueous solution containing an enzyme and a chro- 
mogenic substrate. 

17) The method of 15) above, wherein the sheet is 
that of 1) above, the adhesive layer thereof com- 
prising a chromogenic substrate, and the surface of 
the adhesive layer is brought into contact with an 
aqueous solution containing an enzyme, after con- 
tact of the surface of said adhesive layer with the 
surface of the test object. 

18) The method of 15) above, wherein the sheet is 
that of 1) above, the adhesive layer thereof com- 
prising an enzyme, and the surface of the adhesive 
layer is brought Into contact with an aqueous solu- 
tion containing a chromogenic substrate, after con- 
tact of the surface of said adhesive layer with the 
surface of the test object. 

19) The method of 15) above, wherein the sheet is 
that of 1 ) above, the adhesive layer thereof com- 
prising a chromogenic substrate and an enzyme, 
and the surface of the adhesive layer is brought into 
contact with water, after contact of the surface of 
said adhesive layer with the surface of the test ob- 
ject. 

20) The method of 15) above, wherein the sheet is 
that of 1) above, and the surface of the adhesive 
layer Is brought into contact with an aqueous solu- 
tion containing an enzyme-labeled antibody against 
the microorganism to be detected and a chromog- 
enic substrate, after contact of the surface of said 
adhesive layer with the surface of the test object. 

21) The method of 15) above, wherein the sheet is 
that of 1) above, the adhesive layer thereof com- 
prising an enzyme-labeled antibody against the mi- 
croorganism to be detected, and the surface of the 
adhesive layer is brought into contact with an aque- 
ous solution containing a chromogenic substrate, 
after contact of the surface of said adhesive layer 
with the surface of the test object. 

22) The method of 15) above, wherein the sheet is 
that of 1) above, the adhesive layer thereof com- 
prising an enzyme-labeled antibody against the mi- 
croorganism to be detected and a chromogenic 
substrate, and the surface of the adhesive layer is 
brought into contact with water, after contact of the 
surface of said adhesive layer with the surface of 
the test object. 

23) The method of 1 5) above, wherein the sheet is 
that of 1 ) above, and the surface of the adhesive 
layer Is brought into contact with an aqueous solu- 
tion containing a chromogenic substance, after con- 
tact of the surface of said adhesive layer with the 
surface of the test object. 

24) The method of 15) above, wherein the sheet is 
that of 1 ) above, the adhesive layer thereof com- 
prising a chromogenic substance, and the surface 
of the adhesive layer is brought into contact with wa- 
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ter, after contact of the surface of said adhesive lay- 
er with the surface of the test object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Fig. 1 is a cross section of one embodiment of the 
pressure sensitive adhesive sheet 1a of the present 
invention, which comprises a water-permeable 
membrane 4 and an adhesive layer 2a mainly com- 
posed of a water-soluble polymer. 
Fig. 2 is a cross section of one embodiment of the 
pressure sensitive adhesive sheet 1a of the present 
invention, which comprises a water-permeable 
membrane 4, an adhesive layer 2a mainly com- 
posed of a water-soluble polymer and a support 3a. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] The pressure sensitive adhesive sheet of the 
present invention is exemplified by the embodiment of 
1) above which is shown in Fig. 1. In Fig. 1, (1a) is a 
pressure sensitive adhesive sheet for detecting micro- 
organisms, wherein an adhesive layer (2a) mainly com- 
posed of a water-soluble polymer is laminated on a wa- 
ter-permeable membrane (4). In this embodiment, the 
adhesive layer of the pressure sensitive adhesive sheet 
of the present Invention has a tackiness, as well as a 
smooth surface structure and a suitable amount of water 
where necessary. The adhesive in said adhesive layer 
should collect microorganisms on the test surface, and 
be free of visible remainder thereof on said test surface 
after release of the sheet. In other words, the adhesive 
layer (2a) in this embodiment is mainly composed of a 
water-soluble polymer, is water soluble as a whole, pref- 
erably completely soluble in water, and comprises only 
components that quickly pass through holes of the wa- 
ter-permeable membrane. 

[0014] By water soluble as a whole is meant that 0.5 
9 of an adhesive completely dissolves in 30 ml of dis- 
tilled water In 25 minutes at room temperature. 
[001 5] A sufficient contact between the adhesive sur- 
face and the aqueous solution containing a chromoge- 
nic reagent can be facilitated by setting the contact an- 
gle of the adhesive layer (2a) with water to not more than 
90°, as mentioned later, and sufficient recovery ratio of 
microorganisms can be achieved by pressing the adhe- 
sive surface against the test surface for transfer and col- 
lection of microorganisms when the adhesive layer (2a) 
is designed to have a peel adhesion of not less than 30 
g/12 mm, preferably not less than 80 g/12 mm width, 
and not more than 600 g/12 mm width, preferably not 
more than 400 g/12 mm width, relative to a Bakelite 
board. A thickness of the adhesive layer (2a) of 10-100 
[im, preferably 20-80 |im, and more preferably 30-60 
^m, provides a desired peel adhesion without cohesion 
failure of adhesive layer upon release. 
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[0016] The water-soluble polymer which Is the main 
component of adhesive layer (2a) in the instant embod- 
iment Is an acrylic copolymer of alkoxyalkyi acrylate and 
N-vinyl lactam. 

5 [0017] The alkoxyalkyi acrylate which is a monomer 
component of acrylic copolymer is preferably an acr- 
ylate having a C-,-C4 alkoxy group and a C2-C4 alkylene 
or alkylene glycol group. Specific examples include 
alkoxyalkyi acrylates and alkoxyalkylene glycol acr- 

10 yiates such as 2-methoxyethyl acrylate, 2-ethoxyethyl 
acrylate, 2-butoxyethyl acrylate. 3-methoxypropyl acr- 
ylate, 3-methoxybutyl acrylate, 3-ethoxypropyl acrylate, 
3-ethoxybutyl acrylate, butoxytriethylene glycol acr- 
ylate, 2-(2-ethoxyethyl)ethyl acrylate, methpxytrlethyle- 

15 neacrylate, methoxydipropylene glycol acrylate and the 
like. Preferred are 2-methoxyethyl acrylate and 2-ethox- 
yethyl acrylate having, high hydrophilicity. 
[0018] Examples of N-vinyl lactam which is the other 
monomer component include 5 to 7-membered ring, N- 

20 vinyl lactam. For example, N-vinyl-2-pyrrolidone, N-vi- 
nyl-2-piperidone, N-vinylN-vinyl-2-caproIactam and the 
like can be used, with preference given to N-vinyl-2-pyr- 
rolidone in terms of safety and wide applicability. 
[0019] The alkoxyalkyi acrylate content is preferably 

25 60-80 wt%, and more preferably 65-75 wt%, of the entire 
acrylic copolymer. When the alkoxyalkyi acrylate con- 
tent is less than 60 wt%, the obtained adhesive layer 
sometimes shows lower flexibility. On the other hand, 
when it exceeds 80 wt%, the adhesive layer tends to 

30 have greater tackiness and smaller strength. 

[0020] The N-vinyl lactam is contained In a proportion 
of 20-40 wt%, and more preferably 25-35 wt%, of the 
entire acrylic copolymer. When the N-vinyl lactam con- 
tent is less than 20 wt% of the acrylic copolymer, the 

35 obtained adhesive layer sometimes shows lower 
strength and poor water absorption. On the other hand, 
when it exceeds 40 wt%, the obtained adhesive layer 
sometimes has lower flexibility, and acrylic copolymer 
may dissolve in water and liquidized. 

40 [0021] The above-mentioned water-soluble polymer 
may be copolymerized with alkyi acrylate having a 
C^-Cg alkyl group, such as ethyl acrylate and butyl acr- 
ylate, as long as water solubility is not impaired. 
[0022] The water-soluble polymer can be prepared by 

45 a method known per se. For example, acrylic copolymer 
can be produced by any polymerization method such as 
solution polymerization, emulsion polymerization, sus- 
pension polymerization, bulk polymerization, photopol- 
ymerizatlon and the like. 

50 [0023] The above-mentioned composition may con- 
tain a hydrophilic or water-soluble low molecular sub- 
stance to impart suitable tackiness. Examples of hy- 
drophilic or water-soluble low molecular substance in- 
clude liquid compounds having a high boiling point and 

55 deliquescent inorganic salts. The liquid compound hav- 
ing a high boiling point preferably has a boiling point of 
100-400°C, preferably 200-350°C. Specific examples 
thereof include polyhydric alcohol and sugar alcohol. 
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Polyhydric alcohol includes, for example, ethylene gly- 
col, diethylene glycol, triethylene glycol, liquid poly(eth- 
ylene glycol), propylene glycol, dipropylene glycol. 
1.1 ,1-trihydroxypropane, glycerin and the like, and sug- 
ar alcohol includes, for example, sorbitol and sorbitan. 
Polyoxyethylene glyceryl ether and polyoxypropylene 
glyceryl ether which are ether adducts of glycerin with 
ethylene glycol or propylene glycol can be also used. 
Also, it may be polyoxypropylene sorbitol ether and 
polyoxyethylene sorbitan ether which are ether adducts 
of sorbitol or sorbitan with ethylene glycol or propylene 
glycol. 

[0024] The deliquescent inorganic salts include, for 
example, lithium nitrate, lithium chloride and the like. 
[0025] These hydrophillc and water-soluble low mo- 
lecular substances are added in a proportion of 5-90 
wt% of the adhesive forming the adhesive layer. 
[0026] The adhesive layer (2a) may contain a chro- 
mogenic reagent to be mentioned later, whereby prep- 
aration of a solution containing the chromogenic reagent 
and contact thereof with an adhesive surface can be ob- 
viated during. detection of microorganisms. 
[0027] The water-permeable membrane (4) allows 
permeation of dissolved water-soluble polymer upon 
color production, but does not allow permeation of the 
microorganisms attached to the surface of the adhesive 
layer. Such water-permeable membrane is exemplified 
by pulp filter paper, cellulose acetate membrane, nylon 
membrane, polycarbonate membrane, polytetrafluor- 
oethylene membrane, glass filter, nitrocellulose mem- 
brane, polyvinylidene fluoride membrane, silver filter, 
cellulose acetate/nitrocellulose blend membrane, ethyl- 
ene vinylacetate copolymer membrane, membrane 
composed of hydrolysate of ethylene vinylacetate co- 
polymer, polyether sulfone membrane, polyvinyl acetal 
membrane, polysulfone membrane, regenerated cellu- 
lose membrane, polyacrylonitrile membrane, polyethyl- 
ene filter, polypropylene filter and the like. 
[0028] The pore size of water-permeable membrane 
(4) is required to be smaller than that of microorganisms, 
so that the microorganisms can be captured on the sur- 
face of the membrane. Typical microorganisms include, 
for example, eumycetes (e.g., mold), bacteria and virus. 
The pore size of the water-permeable membrane (4) is 
not more than 10 ^im, preferably not more than 4 p,m, 
more preferably not more than 2 jim, though it may vary 
depending on the target microorganisms. For sufficient 
water permeability to be imparted and water-soluble pol- 
ymer after dissolution to be passed, the pore size of the 
water-permeable membrane (4) is not less than 0.01 
fim, preferably not less than 0.05 jim, and more prefer- 
ably not less than 0.1 p.m. 

[0029] For easy counting of the collected microorgan- 
isms with a microscope, the face of the water-permeable 
membrane (4) to be laminated with the adhesive layer 
preferably has a smoothness (difference between con- 
cave and convex surfaces) of not more than 20 ^im. The 
smoothness can be determined by observation of the 



cross section of water-permeable membrane (4) with an 
electron microscope and obtaining the difference be- 
tween the top of a convex surface and the bottom of a 
concave surface of the membrane. When the smooth- 
5 ness is not more than 20 )im, the microscope can be 
focused on the microorganisms, thus facilitating count- 
ing. 

[0030] The pressure sensitive adhesive sheet of the 
present invention consisting of adhesive layer (2a) 

10 mainly composed of a water-soluble polymer and water- 
permeable membrane (4) may be laminated on a sup- 
port (3a) to support the water-permeable membrane (4), 
as shown in Fig. 2. The support (3a) is subject to no 
particular limitation as long as it has a sufficient strength 

15 to endure bending and flexibility to allow free application 
of pressure sensitive adhesive sheet (1a) by pressing 
same against curved surfaces and narrow surfaces. 
When the pressure sensitive adhesive sheet after de- 
tection of microorganisms is disposed in a funnel of a 

20 filtration filter and subjected to filtration under reduced 
pressure, a water-permeable support is preferably used 
for easy suction. Examples of the water-permeable sup- 
port include paper, woven fabric, nonwoven fabric and 
porous film, which are water-permeable themselves, 

25 and water-impermeable paper, woven fabric, nonwoven 
fabric and porous film which can be made water-perme- 
able by forming through-holes. For example, polyethyl- 
ene laminated paper; nonwoven fabric, such as rayon, 
polyester and cotton, which is laminated on polypropyl- 

30 ene; paper subjected to sizing treatment; and hy- 
drophilic-treated film, which are made water-permeable 
by forming holes from the support side with a perforating 
roller after forming an adhesive layer, can be used. 
[0031] The pressure sensitive adhesive sheet (la) of 

35 the present invention in this embodiment can be pro- 
duced by a method known per se. For example, an 
aqueous solution containing a water-soluble polymer 
and a hydrophilic low molecular substance is applied to 
a water-permeable membrane and dried at IC'C- 

40 200°C, Alternatively, an adhesive layer containing a wa- 
ter-soluble polymer and a hydrophilic low molecular 
substance is laminated on a water-permeable mem- 
brane. Further, the pressure sensitive adhesive sheet 
can be laminated on a support. 

45 [0032] Particulariy when the water-soluble polymer is 
an acrylic copolymer, superior thermoplasticity of the 
acrylic copolymer affords superior processability when 
forming same into a film or sheet by extrusion molding. 
The extrusion molding can be an inflation molding, T die 

50 molding, lamination molding or other generally known 
molding method. The extruder may be a single screw 
extruder or double screw extruder. By appropriately ad- 
justing molding conditions such as molding tempera- 
ture, die lip width, extrusion rate and take-up rate, the 

55 thickness of film and sheet can be controlled. In this 
case, molding temperature is preferably not less than 
140°C and not more than 180°C, more preferably not 
less than 150*^0 and not more than 170°C. 
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[0033] The film and sheet can be formed by calender 
method, casting method and the like. The sheet thus ob- 
tained can be cut into an optional shape and used as a 
pressure sensitive adhesive sheet (1a). 
[0034] The water-soluble acrylic copolymer can be 
processed into a film or sheet by the above-mentioned 
extrusion molding (Inflation molding, T die molding, lam- 
ination molding etc.). 

[0035] In the present invention, the water-soluble pol- 
ymer is formed into a film or sheet and can be 
crosslinked by the irradiation of electron beam ory-rays. 
Particularly when the water-soluble polymer is an acrylic 
copolymer, such irradiation crosslinking is effective, 
which can be applied under the same conditions as 
mentioned above. 

[0036] For the method for detecting microorganisms 
of the present invention, any pressure sensitive adhe- 
sive sheet having an adhesive layer can be used, 
though preference is given to the pressure sensitive ad- 
hesive sheet of the present invention. The use of the 
pressure sensitive adhesive sheet of the present inven- 
tion is explained in the following. 
[0037] The microorganisms to be detected here in- 
clude, for example, procaryotic microorganisms such as 
bacteria and actinomyces, eumycetes such as yeast 
and mold, lower algae, virus, and culture cells of plants 
and animals. 

[0038] The detection of microorganisms using the 
pressure sensitive adhesive sheet of the present inven- 
tion comprises bringing the adhesive face of said sheet 
into contact with the test surface by pressing same to 
transfer and collect the microorganisms thereon, such 
as bacteria, onto the adhesive face, bringing the micro- 
organisms into contact with an aqueous solution con- 
taining a chromogenic reagent by application of a solu- 
tion on the adhesive face, and detection and quantitative 
determination of the colored product. 
[0039] The chromogenic reagent to be used in the 
present invention may vary depending on the mode of 
color development. For example, (1 ) an enzyme-labeled 
antibody and/or the corresponding chromogenic sub- 
strate, (2) an enzyme and/or the corresponding chro- 
mogenic substrate, or (3) a chromogenic substance 
which develops color by reaction with cell component 
contained in the test target microorganism can be used. 
According to the method of the present invention, mi- 
croorganisms are stained on the surface of the adhesive 
layer, and observation of color produced and the amount 
of color production with naked eyes or by the use of a 
microscope or optical equipments reveals the presence 
or otherwise of microorganisms such as bacteria, as 
well as the number thereof, thus enabling real-time de- 
tection of microorganisms without the need of culture for 
colony formation and the like. The detection of microor- 
ganisms of one test surface according to the method of 
the present invention can be performed in 30 minutes. 
[0040] For example, the pressure sensitive adhesive 
sheet (1 a) of the present invention which is set on a roller 



is pressed against a test object, such as floor and wall, 
to transfer and collect the microorganisms attached to 
the test surface onto the roller. When a test surface con- 
sidered to be involving less number of microorganisms 

5 is tested, the same adhesive face of the pressure sen- 
sitive adhesive sheet (la, 1b) may be pressed plural 
times. One of the major effects of the method of the 
present invention is that accumulation of microorgan- 
isms is possible without culture, which is needed in the 

fo agar stamp method, or concern about the variation of 
microorganism flora due to the culture. Thus, a number 
of microorganisms can be collected simply by increas- 
ing the number of pressing, as, in the membrane filter 
method, the microorganisms dispersed in water are 

15 concentrated. 

[0041] The pressure sensitive adhesive sheet (1a) 
with microorganisms attached thereto is cut into a pre- 
determined size and the adhesive layer is brought into 
contact with a chromogenic reagent to allow microor- 

20 ganisms to produce color on the adhesive face. When 
the main component of the adhesive layer is a water- 
soluble polymer and the pressure sensitive adhesive 
sheet having said adhesive layer (1 a) is dissolved In wa- 
ter, the pressure sensitive adhesive sheet with the mi- 

25 croorganisms attached thereto is cut into a predeter- 
mined size and placed in a funnel of a filtration filter. 
Then, an aqueous solution containing a chromogenic 
reagent is filled therein, retained for a few minutes and 
filtered by suction. The redundant chromogenic reagent 

30 is washed away with water such as sterile water to leave 
only colored microorganisms on the water-permeable 
membrane (4). When a chromogenic substrate or chro- 
mogenic substance is added in advance to the adhesive 
layer (2a), washing with water such as sterile water for 

35 filtration is sufficient. The colored microorganisms are 
observed with a microscope, or observed after excita- 
tion when color produced Is fluorescent or chromogenic 
substance is a fluorescent dye, whereby the number of 
microorganisms can be directly counted. 

40 [0042] The detection or determination of microorgan- 
isms can be performed by visual observation using na- 
ked eyes. Alternatively, an optical image is formed by 
light microscope, fluorescence microscope, laser micro- 
scope or other suitable optical equipment, and the im- 

45 age is analyzed by a statistical method. Examples of 
other optical equipment include laser scanning sitome- 
ter which scans microorganisms at high speed with a 
laser beam and graphically shows the signal obtained 
from individual microorganisms. The method of the 

50 present invention is free of culture, so that the microor- 
ganisms on the adhesive face of the pressure sensitive 
adhesive sheet (la) can be substantially detected in 
several to several dozen minutes. 
[0043] Some of the methods for biochemical detec- 
ts tion and quantitative determination of a trace compo- 
nent with high sensitivity using an enzyme and a sub- 
strate are well known. Among them are enzyme immu- 
noassay wherein an enzyme-labeled antibody against 
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a trace component in a microorganism is used and a 
method wherein the activity of an enzyme activated by 
the action of the trace component in a microorganism is 
used as an index (e.g., Limulus test which determines 
endotoxin of bacteria). 

[0044] These methods are characterized by highly 
sensitive and specific detection achieved by the combi- 
nation of a specific biochemical reaction of the detection 
target component in trace amounts and an enzymatic 
reaction. The present invention is based on these meth- 
ods, wherein the cell component of the microorganisms 
transferred and collected on the adhesive face is bio- 
chemically and specifically reacted to produce color on 
the adhesive face, whereby highly sensitive identifica- 
tion and counting of microorganisms is performed with 
high precision. 

[0045] When color is developed by the combination 
of an enzyme and a chromogenic substrate, an enzyme 
precursor (proenzyme), such as phenoloxidase and co- 
agulase, which is activated by the action of a trace com- 
ponent in a microorganism, can be used as the enzyme. 
Preferred is prophenoloxidase derived from body fluids 
of silkworm and Limulus polyphemus. Since said body 
fluid has a cascade system wherein prophenoloxidase 
is activated on recognition of peptldoglycan and/or p- 
1 ,3-glucan, which are cell wall components of microor- 
ganisms, and phenoloxidase is produced, the phe- 
noloxidase activity is determined using a chromogenic 
substrate for the detection and counting of microorgan- 
isms. When prophenoloxidase is used, the chromogenic 
substrate may be, for example, 3-(3,4-dihydroxyphenyl) 
alanine (hereinafter to be abbreviated as DORA). 
[0046] One method to determine phenoloxidase ac- 
tivity includes the use of the body fluid of silkworm. The 
body fluid of silkworm (silkworm larvae plasma) has a 
biological defence system called a phenoloxidase pre- 
cursor cascade wherein peptidoglycan and (1->3)-p- 
glucan initiate a response that finally activates phe- 
noloxidase (Masaaki Ashida, Biological Defense of In- 
vertebrata, Japan Scientific Society Press, p. 111 
(1992)). Examples of the reagent include SLP reagent 
manufactured by Waco Pure Chemical Industries, Ltd., 
which is a lyophilized product of aseptically harvested 
silkworm larvae plasma. The microorganisms can be 
detected and counted by melanin color development 
method using said reagent. 

[0047] The SLP reagent contains hemolymph derived 
from silkworm larvae plasma (inclusive of complete 
prophenoloxidase activating cascade system men- 
tioned above), and prophenoloxidase reacts with pepti- 
doglycan and p-1 ,3-glucan in trace amounts with high 
sensitivity and is activated to phenoloxidase. The acti- 
vated phenoloxidase forms melanin by oxidizing, with 
high sensitivity, a trace amount of DOPA added as a 
chromogenic substrate and develops black purple color. 
Using this SLP reagent, microorganisms are stained by 
applying or spraying an aqueous solution containing 
SLP reagent and DOPA to the adhesive face on which 



microorganisms have been collected. As a result, phe- 
noloxidase in the SLP aqueous solution is activated ac- 
cording to the amounts of microorganisms trapped on 
the adhesive face and becomes, black purple. The 

5 amounts (concentrations) of SLP reagent and chromog- 
enic substrate DOPA are properly determined according 
to the amounts of microorganisms captured on the ad- 
hesive face. Naturally, greater amounts of microorgan- 
isms (higher concentrations) result In shorter time nec- 

10 essary for producing black purple color, and smaller 
amounts thereof result in longer time. It is also natural 
that greater amounts of microorganisms captured on the 
adhesive face lead to greater amounts of activated phe- 
noloxidase. and thus nearly precise quantitative deter- 

15 mination of the amounts of microorganisms on the ad- 
hesive face can be carried out by measuring the time 
necessary for producing black purple color. Though sub- 
ject to variation depending on the kind of microorgan- 
isms, in the case of normal bacteria on the skin, Staphy- 

20 lococcus epidermidis, said time is 5-20 minutes when 
bacteria content is greater (not less than 1 0^ cells) and 
60 minutes or longer when bacteria content is smaller 
(not more than 10^ cells). Visual observation here ena- 
bles determination at the level of the order of the bacte- 

25 rial amount When the adhesive face is scanned with 
high sensitivity at a high speed using an optical equip- 
ment to determine the amount of melanin produced and 
the result is compared with the calibration curve previ- 
ously drawn, bacterial amounts can be quantitatively de- 

30 termined. In this case, filtration by suction of the chro- 
mogenic reagent, washing thereof and the like are pref- 
erably not done. 

[0048] When an enzyme-labeled antibody and a chro- 
mogenic substrate are used for color development, the 

35 enzyme-labeled antibody contains an antibody against 
a component specifically contained in the detection tar- 
get microorganism, which is preferably surface antigen 
of microorganisms, more preferably surface antigen of 
bacteria which has been covalently bound with an en- 

^0 zyme marker. By surface antigen of microorganism Is 
meant an antigenic substance present on the cell sur- 
face of microorganism, such as peptidoglycan which Is 
a bacterial cell wall component, lipopolysaccharide(en- 
dotoxin) which Is an outer membrane component, and 

45 p-1 ,3-glucan which Is an eumycete cell wall component. 
As the enzyme marker, alkaline phosphatase and per- 
oxidase used for general enzyme immunoassay are ex- 
emplified. The chromogenic substrate may be 3,3',5,5'- 
tetramethylbenzidine (hereinafter to be referred to as 

50 TMB) or o-phenylenedlamine when peroxidase is used 
as an enzyme, though selected according to the enzyme 
marker to be used. When alkaline phosphatase Is used 
as an enzyme, a reagent containing 5-bromo-4-chloro- 
3-indolyl phosphate (BCIP) and nitro blue tetrazolium 

55 (hereinafter to be abbreviated as NBT) is exemplified. 
In this case, a reaction product of alkaline phosphatase 
and BCIP to be the substrate thereof reacts with NBT 
which is a chromogenic substrate to develop color. In 
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addition, p-nitrophenyl phosphate is exemplified. By 
combining an enzyme-labeled antibody and a chromog- 
enic substrate, one or more of the specific microorgan- 
isms can be detected and counted. 
[0049] In the present invention, the enzyme-labeled 
antibody, enzyme and chromogenic substrate need not 
be contained In a single aqueous solution, but may be 
contained in a combination of an aqueous solution con- 
taining enyme-labeled antibody or enzyme and an 
aqueous solution containing chromogenic substrate. 
Particularly when enzyme-labeled antibody and chro- 
mogenic substrate are combined for use, a higher spe- 
cificity can be attained by using such two respective 
kinds of aqueous solutions. When chromogenic sub- 
strate is contained in the adhesive layer, only an aque- 
ous solution containing enzyme-labeled antibody or en- 
zyme may be brought into contact with the adhesive 
face of the pressure sensitive adhesive sheets (1a). 
[0050] According to the method of the present inven- 
tion using a chromogenic substance as a chromogenic 
reagent, the substance specifically acts on the cell com- 
ponent of the detection target microorganisms to pro- 
duce color. Typical examples thereof include fluorescent 
dye which stains nucleic acid and protein. Other chro- 
mogenic dyes Include fluorescent nucleotide analog, 
fluorescent dye to stain nucleic acid, dye to stain protein, 
environmental fluorescent probe used for structural 
analysis of protein, dye used for analysis of cell mem- 
brane and membrane potential, dye used for labeling of 
fluorescent antibody, and the like when microorganisms 
in general are to be tested; dye which develops color by 
respiration of cells, and the like when aerobic bacteria 
are to be tested; dye which stains mitochondria, dye 
which stains Golgi's apparatus, dye which stains endo- 
plasmic reticulum, dye which reacts with intracellular es- 
terase and modified compounds thereof, and the like 
when eukaryotic microorganisms are to be tested, and 
dye used for observation of bone tissues, dye which is 
a nerve cell tracer, and the like when cells of higher an- 
imal are to be tested; all of which can be observed with 
a fluorescent microscope. 

[0051] By properly determining the kind of these chro- 
mogenic substances, the method of the invention can 
be applied to a wide range of uses such as all cell count 
determination wherein all microorganisms are detected, 
detection to stain and count only microorganisms having 
respiratory activity, detection to stain and count only mi- 
croorganisms having esterase activity, and detection to 
stain and count specific genera and species of microor- 
ganisms utilizing double staining method combining plu- 
ral chromogenic substances. 

[0052] For example, the pressure sensitive adhesive 
sheet of the present invention can be applied to a test 
face to transfer the microorganisms present on the test 
face, and the microorganisms can be stained without 
preculture, thereby allowing observation of microorgan- 
isms as single cells. Therefore, the present method can 
be used for environmental investigations wherein the 
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cleanliness of the test object should be quickly deter- 
mined. In addition, recovery of microorganisms at a sin- 
gle cell level enables accumulation and concentration 
of microorganisms by pressing the pressure sensitive 

5 adhesive sheet plural times against the test face, and 
makes the sheet of the present invention practical. The 
sheet of the present invention can be applied to envi- 
ronmental microorganism detection in the medical field, 
food Industry field and the like. 

10 [0053] The present invention is described in more de- 
tail by way of Examples, which should not be construed 
as limiting the invention. 

Example 1 

15 

[0054] 2-Methoxyethyl acrylate (70 parts by weight). 
N-vinyl-2-pyrrolldone (30 parts by weight), azolsobuty- 
ronitrile (0.175 parts by weight) as an Initiator and a 
mixed solvent of distilled watenmethanohisopropanol 

20 (250 parts by weight, weight ratio 1 6:23: 1 ) were charged 
in a closed type reactor equipped with an agitator, and 
the inside of the reactor was displaced with nitrogen, 
which was followed by polymerization for 5 hours while 
keeping the temperature therein at 60°C-62°C. The mix- 

25 ture was cooled to room temperature to give a solution 
of acrylic copolymer. 

[0055] Thereto was added polyoxypropylene glyceryl 
ether (20 parts by weight, average molecular weight 
400). Then, a 4,6-diamlno-2-phenyl-indole aqueous so- 
30 lution (dye solution) was added to a final concentration 
of 1 ppm. 

[0056] This solution containing the acrylic copolymer 
was applied in a uniform thickness to a release paper, 
and dried at 130°C for 5 minutes to give a 50 ^im thick 

35 pressure sensitive adhesive sheet. A 10 \im thick poly- 
carbonate filter having a pore size of 0.2 ^im was lami- 
nated on the adhesive layer of this pressure sensitive 
sheet. Then, a reinforcing filter having a pore size of 20 
^m and thickness of 200 jim was laminated on the poly- 

40 carbonate filter to give a pressure sensitive adhesive 
sheet of the present Invention. 

[0057] A suspension (10 of Escherichia coli (E. co- 
li) (1.6x10^ cells/cm2) was applied to a rigid poly(vinyl 
chloride) board and dried. The adhesive face of said 

45 pressure sensitive adhesive sheet was pressed differ- 
ent number of times against the board to collect micro- 
organisms. The pressure sensitive adhesive sheet was 
set in a funnel with the adhesive layer facing up. and 
sterile water was applied. After 3 minutes, water was 

50 filtered by suction. 

[0058] Inasmuch as the adhesive of the adhesive 
pressure sensitive adhesive sheet was dissolved in ster- 
ile water, only the stained microorganisms were collect- 
ed and accumulated on the polycarbonate filter. The re- 

55 inforcing filter was peeled off and the obtained filter was 
observed with a fluorescene microscope and stained 
microorganisms were counted. The results are shown 
in Table 1 . 
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Table 1 



number of pressing 


1 


2 


5 


10 


recovery (%) of E. coli 


27 


67 


62 


74 



Example 2 



[0059] To a polyoxypropylene glyceryl ether-added 
acrylic copolymer solution obtained in the same manner 
as In Example 1 were added-4,6-dlamino-2-phenyl-in- 
dole aqueous solution and 6-carboxyfiuorescein diace- 
tate aqueous solution to final concentrations of 1 ppm 
and 150 ppm, respectively. 

[0060] In the same manner as in Example 1 except 
that the solutions were dried at 40^0 for one hour, pres- 
sure sensitive adhesive sheets having a thickness of ad- 
hesive layer of 30 |xm were obtained. 
[0061] The release papers of these pressure sensitive 
sheets were peeled off, and the adhesive face was 
pressed three times against human hand to collect mi- 
croorganisms. The pressure sensitive adhesive sheet 
was set in a funnel with the adhesive layer facing up, 
and sterile 0.1 M phosphate buffer (pH 8.5) containing 
10 mM EDTA sodium salt was applied. After 3 minutes, 
said solution was filtered by suction. 
[0062] Inasmuch as the adhesive of the adhesive 
pressure sensitive adhesive sheet was dissolved In ster- 
ile buffer, only the microorganisms stained with two 
kinds of dyes were collected and accumulated on the 
polycarbonate filter. The reinforcing filter was peeled off 
and the obtained polycarbonate filters were observed 
with a fluorescene microscope. The two dyes required 
different dyeing operations, wherein nucleic acid dyeing 
by 4,6-diamino-2-phenyl-indole aqueous solution re- 
sulted in fluorescently dyed bacterial cells inclusive of 
dead cells, whereas 6-carboxyfluorescein diacetate flu- 
orescently dyed esterase activated cells alone. The dif- 
ferent fluorescent color allowed easy division of the 
cells. Using the same sample, each was subjected to 
observation, as a result of which the whole cell number 
of the microorganisms was 4x10^ cells/cm^ and este- 
rase activated cells were 3x10^ cells/cm^. 

Example 3 

[0063] 2-Methoxyethyl acrylate (70 parts by weight), 
N-vinyl-2-pyrrolidone (30 parts by weight), azobisisobu- 
tyronitrile (0.175 part by weight) as an initiator and a 
mixed solvent of distilled water: methanol :isopropanoi 
(250 parts by weight, weight ratio 1 6:23: 1 ) were charged 
in a closed type reactor equipped with an agitator, and 
the inside of the reactor was displaced with nitrogen, 
which was followed by polymerization for 1.5 hours 
while keeping the temperature therein at 60°C-62°C. 
Then, two hours of agitation at 75''C completed the re- 
action. The mixture was cooled to room temperature to 
give a solution of acrylic copolymer. 



[0064] Thereto was added polyoxypropylene glyceryl 
ether (20 parts by weight, average molecular weight 
400). This solution containing acrylic copolymer was ap- 
plied In a constant thickness to a 20 ^m thick polyester 
nonwoven fabric which was flexible but strong against 
bending, and dried at 130°C for 10 minutes to give a 
pressure sensitive adhesive sheet having a thickness of 
adhesive layer of 50 ^im. The amount of 2-methoxyethyl 
acrylate and N-vinyl-2-pyrrolidone of the adhesive layer 
was not more than 10 ppm by weight and 200 ppm by 
weight, respectively. The adhesive strength against a 
Bakellte board was 80 g/12 mm width. 
[0065] Distilled water was dropwise added to the ad- 
hesive face of the obtained pressure sensitive adhesive 
sheet, and initial contact angle was determined 30 sec- 
onds later at 25°C to find the angle to be substantially 
6°, thus confirming that the adhesive face had complete 
wettability by water. The contact angle was determined 
by a FACE automatic contact angle meter CA-X type 
manufactured by KYOWA INTERFACE SCIENCE CO.. 
LTD. 

[0066] This pressure sensitive adhesive sheet was 
cut out in two discs having a diameter of 25 mm. One of 
them was pressed three times against the same part of 
human face skin. Transparent ethylene polyterephtha- 
late (PET) film rings (thickness 0.3 mm), which had been 
cut out in an outer diameter of 25 mm and inner diameter 
of 15 mm. were concentrically placed on the adhesive 
face of the circular pressure sensitive adhesive sheet to 
give samples having a liquid residence concentric pot 
at about the center of the circular pressure sensitive ad- 
hesive sheet. 

[0067] To this liquid residence pot was dropwise add- 
ed 20 ^il of an aqueous solution containing SLP reagent 
and DORA with a pipet to extend said solution over the 
entirety of the pot, which was followed by preservation 
and monitoring under an atmospheric environment at- 
30''C. The circular liquid residence pot became black 
purple in about 13 minutes. 

[0068] The other disk was treated in the same manner 
as above except that It was not pressed against human 
face skin, to give a blank sample which was treated with 
SLP reagent in the same manner. As a result, the liquid 
residence pot became black purple in about 60 minutes. 
[0069] According to a different publication. Journal of 
Antibacterial and Antifungal Agents, Japan, Vol. 22 (No. 
3), 13-18 (1994), human face skin is known to have mi- 
croorganisms Inclusive of bacteria such as Staphyloco- 
ccus epidermidis at the level of lO^-IO^ cells/cm^. 

Example 4 

[0070] In the same manner as in Example 3 except 
that polyoxypropylene glyceryl ether (30 parts by 
weight, average molecularweight400) was added, a so- 
lution containing acrylic copolymer was obtained. This 
acrylic copolymer solution was applied on a 1 0 p.m thick 
PET film in a uniform thickness, and dried at 130°C for 
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10 minutes to give a PET film having a 40 ^im thick ad- 
hesive layer on one side. This PET film was placed in a 
suitable bag capable of retaining sterile condition. Ex- 
posure to 35 kGy y-ray resulted In complete sterilization 
and crosslinking of the adhesive layer, whereby a pres- 
sure sensitive adhesive sheet was obtained. The adhe- 
sive strength to a Bakelite board was 110 g/12 mm 
width. 

[0071] A 25 mm diameter disc was punched out from 
the obtained pressure sensitive adhesive sheet and im- 
mersed in a sufficient amount of distilled water for 2 
hours. The crosslinking degree of the adhesive layer 
was determined as the percentage of gel insoluble in 
water (hereinafter also referred to as gel fraction). As a 
result, the gel fraction of the adhesive layer was 52%. 
The initial contact angle of the adhesive face of the pres- 
sure sensitive adhesive sheet with distilled water was 
substantially 0"^ by the determination in the same man- 
ner as in Example 5, and it was confirmed that the ad- 
hesive face had complete wettability by water. 
[0072] Using this pressure sensitive adhesive sheet 
and in the same manner as in Example 3, the adhesive 
face was pressed three times against human face skin. 
A circular sample was prepared by placing a PET film 
ring thereon to form a concentric liquid residence pot, 
and a blank sample was prepared by placing a PET film 
ring on the adhesive face which was not pressed against 
human face skin, to form a concentric liquid residence 
pot. 

[0073] These two samples were treated in the same 
manner as in Example 5 and brought into contact with 
an aqueous solution containing an SLP reagent and 
DORA. The time necessary for black purple color devel- 
opment at a certain absorbance level was measured us- 
ing an optical instrument. Comparison with the calibra- 
tion curve drawn in advance based on the determination 
using the same optical instrument revealed the amount 
of microorganisms as converted to the amount of Sta- 
phylococcus epidermidis on the human skin. As a result, 
the blank sample showed the presence of 8x10^ cells/ 
cm^ of microorganisms and the sample pressed against 
human face skin showed the presence of 9x 10^ cells/ 
cm2 of microorganisms. 

Example 5 

[0074] DOPA (2 parts by weight) was added to a so- 
lution (1 00 parts by weight) containing the acrylic copol- 
ymer obtained in Example 3. The mixture was applied 
on a polyethylene foam (thickness 10 mm) in a uniform 
thickness and dried at 50°C for 30 minutes to give an 
adhesive foam having a thickness of the adhesive of 50 
\Lrr\. The adhesive strength of this foam to a Bakelite 
board was 76 g/1 2 mm width and the Initial contact angle 
of the adhesive sheet with distilled water as determined 
In the same manner as in Example 3 was substantially 
0°. 

[0075] This adhesive foam was cut out in two discs 



having a diameter of 25 mm. One of them was pressed 
three times against the same part of human face. An 
SLP reagent (100 without DOPA was dropwise add- 
ed on the adhesive face and color production was 
5 checked under an atmospheric environment at 30°C. 
[0076] The sample pressed against face became 
black purple in about 16 minutes, but the blank sample 
did not become black purple even after 3 hours. 

Example 6 

[0077] In the same manner as In Example 3 except 
that polyoxypropylene glyceryl ether (30 parts by 
weight, average molecular weight 400) was added, a so- 
lution containing acrylic copolymer was obtained. This 
acrylic copolymer solution was applied on a PET film 
(thickness 10 ^m) in a uniform thickness and dried at 
130°C for 5 minutes to give a PET film having a 60 ^im 
thick adhesive layer on one side. This PET film was 
placed in a suitable bag capable of retaining sterile con- 
dition. Exposure to 35 kGy y-ray resulted in complete 
sterilization and crosslinking of adhesive layer, whereby 
a pressure sensitive adhesive sheet was obtained. The 
adhesive strength to a Bakelite board was 140 g/12 mm 
width. 

[0078] A 25 mm diameter disc was punched out from 
the obtained pressure sensitive adhesive sheet and im- 
mersed In a sufficient amount of distilled water for 2 
hours. The crosslinking degree of the adhesive layer 
was determined as the percentage of gel insoluble in 
water. As a result, the gel fraction of the adhesive layer 
was 52%. The initial contact angle of the adhesive face 
of the pressure sensitive adhesive sheet with distilled 
water as determined in the same manner as in Example 
3 was substanfially 0°. Thus, it was confirmed that the 
adhesive face had complete wettability by water. 
[0079] Using this pressure sensitive adhesive sheet 
and in the same manner as in Example 3, the adhesive 
face was pressed three times against human face skin. 
A circle sample was prepared by placing a PET film ring 
thereon and forming a concentric liquid residence pot, 
and a blank sample was prepared by placing a PET film 
ring on the adhesive face which was not pressed against 
human face skin and forming a concentric liquid resi- 
dence pot. 

[0080] These two samples were treated in the same 
manner and brought into contact with an aqueous solu- 
fion containing an SLP reagent and DOPA, and the time 
necessary for black purple color development at a cer- 
tain absorbance was measured using an optical instru- 
ment. Comparison with the calibrafion curve drawn in 
advance based on the determination using the same op- 
tical instrument revealed the amount of microorganisms 
as converted to the amount of Staphylococcus epider- 
midis on human skin. As a result, the blank sample 
showed the presence of 8 x 1 0 cells/cm^ of microorgan- 
isms and the sample pressed against human face skin 
showed the presence of 9 x 1 0^ cells/cm^ of mlcroorgan- 
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isms. 

[0081] The method for detecting microorganisms of 
the present invention enables real-time monitoring with- 
out culture of microorganisms, and is not limited to the 
detection of viable cells alone. Inasmuch as a contact 
of the pressure sensitive adhesive sheet with a test face 
results in accumulation of microorganisms, the manip- 
ulation is simple. In addition, by properly determining a 
chromogenic reagent, a specific microorganism alone 
can be detected and counted, so that it can be applied 
to environmental investigation in the medical field and 
food Industry field. 

[0082] When the pressure sensitive adhesive sheet 
of the present invention combining a water soluble ad- 
hesive layer mainly composed of a water-soluble poly- 
mer and a water-permeable membrane Is used, it is pos- 
sible to colonize only stained microorganisms alone on 
the water-permeable membrane and to directly count 
the stained microorganisms alone using, for example, a 
fluorescene microscope. In addition, the pressure sen- 
sitive adhesive sheet of the present invention wherein 
the contact angle of the adhesive layer surface with wa- 
ter is not more than 90° permits easy expansion of an 
aqueous solution containing a chromogenic reagent on 
the adhesive face, and the method of the present Inven- 
tion is practically advantageous. 



Claims 

1. A pressure sensitive adhesive sheet for the detec- 
tion of microorganisms, which comprises a laminate 
of an adhesive layer mainly composed of a water- 
soluble polymer and a water-permeable membrane 
which does not allow passage of the microorgan- 
isms, wherein the water-soluble polymer is easily 
dissolved in water and passes through the water- 
permeable membrane when dissolved in water, and 
wherein the water-soluble polymer is an acrylic co- 
polymer of alkoxyalkyi acrylate and N-vinyl lactam. 

2. The sheet of claim 1 . wherein the water-permeable 
membrane Is supported by a water-permeable sup- 
port. 

3. The sheet of claim 1 , wherein the surface of the wa- 
ter-permeable membrane on the adhesive layer 
side has a smoothness of not more than 20 |xm. 

4. The sheet of claim 2, which has a thickness of 
10-100 \im and an adhesive strength to a Bakelite 
board of 30 g/12 mm width to 600 g/12 mm width. 

5. The sheet of claim 1 , wherein the adhesive layer 
comprises a chromogenic substrate. 

6. The sheet of claim 5, wherein the chromogenic sub- 
strate is one member selected from the group con- 



sisting of 3-(3,4-dihydroxyphenyl)-alanine, 3,3*. 
5.5'-tetramethylbenzidine and nitro blue tetrazo- 
lium. 

5 7. The sheet of claim 1 , wherein the adhesive layer 
comprises an enzyme. 

8. The sheet of claim 7, wherein the enzyme is a phe- 
noloxidase. 

10 

9. The sheet of claim 1, wherein the adhesive layer 
comprises a chromogenic substrate and an en- 
zyme. 

15 10. The sheet of claim 1, wherein the adhesive layer 
comprises an enzyme-labeled antibody. 

1 1 . The sheet of claim 1 0, wherein the enzyme-labeled 
antibody is against a microorganism surface anti- 

20 gen and labeled with a peroxidase or alkaline phos- 
phatase. 

12. The sheet of claim 1, wherein the adhesive layer 
comprises an enzyme-labeled antibody and a chro- 

25 mogenic substrate. 

13. The sheet of claim 1, wherein the adhesive layer 
comprises a chromogenic substance. 

30 14. The sheet of claim 11, wherein the chromogenic 
substance Is a fluorescent dye. 

15. A method for detecting a microorganism, which 
comprises bringing the surface of an adhesive layer 

35 of a pressure sensitive adhesive sheet of claim 1 
into contact with the surface of a test object and then 
bringing the adhesive layer into contact with an 
aqueous solution to allow dissolution, thereby to 
trap a microorganism in the water-permeable mem- 

^0 brane, said adhesive layer or aqueous solution con- 
taining a chromogenic reagent. 

16. The method of claim 15, wherein the surface of the 
adhesive layer of the pressure sensitive adhesive 

45 sheet of claim 1 is brought Into contact with the sur- 
face of a test object, and then the surface of the ad- 
hesive layer is brought into contact with an aqueous 
solution containing an enzyme and a chromogenic 
substrate. 

50 

17. The method of claim 15, wherein the sheet is that 
of claim 1 

the adhesive layer thereof comprising a chro- 
mogenic substrate, and the surface of the adhesive 
55 layer is brought into contact with an aqueous solu- 
tion containing an enzyme, after contact of the sur- 
face of said adhesive layer with the surface of the 
test object. 
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18. The method of claim 15, wherein the sheet is that 
of claim 1 , 

the adhesive layer thereof comprising an en- 
zyme, and the surface of the adhesive layer Is 
brought into contact with an aqueous solution con- 
taining a chromogenic substrate, after contact of the 
surface of said adhesive layer with the surface of 
the test object. 

19. The method of claim 15, wherein the sheet is that 
of claim 1 . 

the adhesive layer thereof comprising a chro- 
mogenic substrate and an enzyme, and the surface 
of the adhesive layer is brought into contact with wa- 
ter, after contact of the surface of said adhesive lay- 
er with the surface of the test object. 

20. The method of claim 15, wherein the sheet Is that 
of claim 1 , 

and the surface of the adhesive layer is 
brought into contact with an aqueous solution con- 
taining an enzyme-labeled antibody against the mi- 
croorganism to be detected and a chromogenic 
substrate, after contact of the surface of said adhe- 
sive layer with the surface of the test object. 

21. The method of claim 15, wherein the sheet is that 
of claim 1. 

the adhesive layer thereof comprising an en- 
zyme-labeled antibody against the microorganism 
to be detected, and the surface of the adhesive lay- 
er is brought into contact with an aqueous solution 
containing a chromogenic substrate, after contact 
of the surface of said adhesive layer with the sur- 
face of the test object. 

22. The method of claim 15, wherein the sheet is that 
of claim 1 , 

the adhesive layer thereof comprising an en- 
zyme-labeled antibody against the microorganism 
to be detected and a chromogenic substrate, and 
the surface of the adhesive layer is brought into con- 
tact with water, after contact of the surface of said 
adhesive layer with the surface of the test object. 

23. The method of claim 15, wherein the sheet Is that 
of claim 1, 

and the surface of the adhesive layer is 
brought into contact with an aqueous solution con- 
taining a chromogenic substance, after contact of 
the surface of said adhesive layer with the surface 
of the test object. 
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contact of the surface of said adhesive layer with 
the surface of the test object. 



5 Patentanspruche 

1. Haftklebefolie zum Nachweis von Mikroorganis- 
men, umfassend ein Laminat einer Klebstoff- 
schicht, die hauptsachlich aus einem wasserlosli- 

10 Chen Polymer besteht, und einer wasserdurchlas- 
sigen Membran, welche den Durchgang der Mikro- 
organismen nicht eriaubt, wobel das wasserldsliche 
Polymer sich leicht in Wasser lost und durch die 
wasserdurchlassige Membran hindurchgeht, wenn 

15 es in Wasser gelost ist, und wobei das wasserldsli- 
che Polymer ein Acrylcopolymer von Alkoxyalky- 
lacrylat und N-Vinyllactam ist. 

2. Folie gemaii Anspruch 1 , wobei die wasserdurch- 
20 lassige Membran durch einen wasserdurchlassigen 

Trager gestutzt wird. 

3. Folie gemafi Anspruch 1 , wobei die Oberflache der 
wasserdurchlassigen Membran auf der Klebstoff- 

25 schlchtseite eine GI3tte von nicht mehr als 20 ^m 
aufweist. 

4. Folie gemall Anspruch 1 , welche eIne Dicke von 1 0 
\im bis 100 ^.m und eine Klebfestigkeit an eine Ba- 

30 kelit-Platte von 30 g/1 2 mm Breite bis 600 g/1 2 mm 
Brelte hat. 

5. Folie gemali Anspruch 1 , wobei die Klebstoffschlcht 
ein chromogenes Substrat umfasst. 

35 

6. Folie gemali Anspruch 5, wobei das chromogene 
Substrat eine Verbindung ist, die aus der Gruppe, 
bestehend aus 3-(3,4-Dihydroxyphenyl)alanln, 
3,3'5,5'-Tetramethylbenzidin und Nitroblau-Tetra- 

40 zolium ausgewahlt ist. 

7. Folie gemdd Anspruch 1 , wobei die Klebstoffschlcht 
ein Enzym umfasst. 

45 8. Folie gemaH Anspruch 7, wobei das Enzym Pheno- 
loxidase Ist. 

9. Folie gemali Anspruch 1 , wobei die Klebstoffschlcht 
ein chromogenes Substrat und ein Enzym umfasst. 

50 

1 0. Folie gemSfi Anspruch 1 , wobel die Klebstoffschlcht 
einen Enzym-markierten Antikdrper umfasst. 



24. The method of claim 15, wherein the sheet is that 
of claim 1 , 

the adhesive layer thereof comprising a chro- 
mogenic substance, and the surface of the adhe- 
sive layer is brought Into contact with water, after 



11. Folie gemafl Anspruch 10, wobei der Enzym-mar- 
55 kierte Antikdrper gegenuber einer Mlkroorganis- 
mus-Oberflache Antigen ist und mit einer Peroxida- 
se Oder einer alkalischen Phosphatase markiert Ist. 
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1 2. Folle gemaR Anspruch 1 , wobei die Klebstoffschicht 
einen Enzym-markierten Antik5rper und ein chro- 
mogenes Substrat umfasst. 

1 3. Folie gemafi Anspruch 1 , wobei die Klebstoffschicht 5 
eine chromogene Substanz umfasst. 

14. Folie gemafi Anspruch 11, wobei die chromogene 
Substanz ein Fluoreszenzfarbstoff ist. 

10 

15. Verfahren zum Nachweis eines Mikroorganismus, 
umfassend das In-Kontakt-Bringen der Oberfiache 
einer Klebstoffschicht einer Haftklebefolie gemafi 
Anspruch 1 mit der Oberflache eines Testobjekts 
und das anschlieflende In-Kontakt-Bringen der 15 
Klebstoffschicht mit einer wassrigen L6sung, um 

ein Losen zu ermoglichen, um dadurch einen Mi- 
kroorganismus in der wasserdurchlassigen Mem- 
bran einzufangen, wobei die Klebstoffschicht oder 
die wassrige Losung ein chromogenes Reagens 20 
enthalt 

16. Verfahren gemafi Anspruch 15, wobei die Oberfla- 
che der Klebstoffschicht der Haftklebefolie gemafi 
Anspruch 1 mit der Oberflache eines Testobjekts in 25 
Kontakt gebracht wird, und dann die Oberflache der 
Klebstoffschicht mit einer wassrigen Losung, die ein 
Enzym und ein chromogenes Substrat enthalt, in 
Kontakt gebracht wird. 

30 

17. Verfahren gemafi Anspruch 15, wobei die Folie die- 
jenige gemaU Anspruch 1 ist, die Klebstoffschicht 
derselben ein chromogenes Substrat umfasst, und 
die Oberflache der Klebstoffschicht mit einer wass- 
rigen Losung, die ein Enzym enthalt, in Kontakt ge- 35 
bracht wird, nachdem die Oberflache der Klebstoff- 
schicht mit der Oberflache des Testobjekts in Kon- 
takt gebracht wurde. 

1 8. Verfahren gemafi Anspruch 1 5, wobei die Folie die- 40 
jenige gemafi Anspruch 1 ist, die Klebstoffschicht 
derselben ein Enzym umfasst, und die Oberflache 
der Klebstoffschicht mit einer wassrigen Losung, 

die ein chromogenes Substrat enthalt, in Kontakt 
gebracht wird, nachdem die Oberflache der Kleb- 4S 
stoffschicht mit der OberflSche des Testobjekts in 
Kontakt gebracht wurde. 

19. Verfahren gemafi Anspruch 1 5, wobei die Folie die- 
jenige gemafi Anspruch 1 ist, die Klebstoffschicht 50 
derselben ein chromogenes Substrat und ein En- 
zym umfasst, und die Oberflache der Klebstoff- 
schicht mit Wasser in Kontakt gebracht wird, nach- 
dem die Oberflache der Klebstoffschicht mit der 
Oberflache des Testobjekts in Kontakt gebracht 55 
wurde. 

20. Verfahren gemafi Anspruch 15, wobei die Folie die- 




jenige gemafi Anspruch 1 ist, und die Oberflache 
der Klebstoffschicht mit einer wassrigen Ldsung, 
die einen Enzym-markierten Antikorper gegen das 
nachzuweisende Mikroorganismus und ein chro- 
mogenes Substrat enthalt, in Kontakt gebracht 
wird, nachdem die Oberflache der Klebstoffschicht 
mit der Oberflache des Testobjekts in Kontakt ge- 
bracht wurde. 

21 ■ Verfahren gemafi Anspruch 1 5, wobei die Folie die- 
jenige gemafi Anspruch 1 ist. die Klebstoffschicht 
derselben einen Enzym-markierten Antikorper ge- 
gen das nachzuweisende Mikroorganismus um- 
fasst, und die Oberflache der Klebstoffschicht mit 
einer wassrigen L5sung, die ein chromogenes Sub- 
strat enthalt, in Kontakt gebracht wird, nachdem die 
Oberflache der Klebstoffschicht mit der Oberflache 
des Testobjekts in Kontakt gebracht wurde. 

22. Verfahren gemafi Anspruch 15, wobei die Folie die- 
jenige gemafi Anspruch 1 ist, die Klebstoffschicht 
derselben einen Enzym-markierten Antikorper ge- 
gen das nachzuweisende Mikroorganismus und ein 
chromogenes Substrat umfasst, und die Oberflache 
der Klebstoffschicht mit Wasser in Kontakt gebracht 
wird, nachdem die Oberflache der Klebstoffschicht 
mit der Oberflache des Testobjekts in Kontakt ge- 
bracht wurde. 

23. Verfahren gemafi Anspruch 1 5, wobei die Folie die- 
jenige gemafi Anspruch 1 Ist, und die Oberflache 
der Klebstoffschicht mit einer wassrigen Ldsung, 
die eine chromogene Substanz enthalt, in Kontakt 
gebracht wird, nachdem die Oberflache der Kleb- 
stoffschicht mit der Oberflache des Testobjekts in 
Kontakt gebracht wurde. 

24. Verfahren gemafi Anspruch 15, wobei die Folie die- 
jenige gemafi Anspruch 1 Ist, die Klebstoffschicht 
derselben eine chromogene Substanz umfasst, und 
die Oberflache der Klebstoffschicht mit Wasser in 
Kontakt gebracht wird, nachdem die Oberflache der 
Klebstoffschicht mit der Oberflache des Testobjekts 
in Kontakt gebracht wurde. 



Revendications 

1. Feuille adhesive sensible a la pression pour ia de- 
tection de micro-organismes, qui comprend un stra- 
tifi6 d'une couche adhesive principalement compo- 
see d'un polymere hydrosoluble et d'une membrane 
permeable a Teau qui ne permet pas le passage des 
micro-organismes, dans laquelle le polym6re hy- 
drosoluble est facilement dissous dans I'eau et pas- 
se a travers la membrane permeable a I'eau lors- 
qu'il est dissous dans I'eau, et dans laquelle le po- 
lymere hydrosoluble est un copolymere acrylique 
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d'acrylate d'alcoxyalkyle et de N-vinyllactame. 

2. Feuille seton la revendication 1. dans laquelle la 
membrane permeable d I'eau est soutenue par un 
support pemnSable d I'eau. 

3. Feuille selon la revendication 1, dans laquelle la 
surface de la membrane permeable a I'eau sur le 
cote de la couche adhesive a un poli inferieur ou 
egal k 20 \Lfr\. 

4. Feuille selon la revendication 1 , qui a une epaisseur 
de 10-100 |im et une resistance adhesive a un pan- 
neau de Bakelite de 30 g/12 mm de large jusqu'a 
600 g/12 mm de large. 

5. Feuille selon la revendication 1, dans laquelle la 
couche adhesive comprend un substrat chromog§- 
ne. 

6. Feuille selon la revendication 5, dans laquelle le 
substrat chromogene est un element choisi dans le 
groupe constitue par la 3-(3,4-dihydroxyphenyl)- 
alanine, la 3,3',5,5'-tetramethylbenzidine etie tetra- 
zolium nitro blue. 

7. Feuille selon la revendication 1, dans laquelle la 
couche adhesive comprend une enzyme. 

8. Feuille selon la revendication 7, dans laquelle I'en- 
zyme est une ph6noloxydase. 

9. Feuille selon la revendication 1, dans laquelle la 
couche adhesive comprend un substrat chromoge- 
ne et une enzyme. 

10. Feuille selon la revendication 1. dans laquelle la 
couche adhesive comprend un anticorps marqu6 
par une enzyme. 

1 1 . Feuille selon la revendication 1 0, dans laquelle Tan- 
ticorps marque par une enzyme est dirige centre un 
antigene de surface d'un micro-organisme et mar- 
que avec une peroxydase ou une phosphatase at- 
caiine. 

12. Feuille selon la revendication 1, dans laquelle la 
couche adhesive comprend un anticorps marque 
par une enzyme et un substrat chromogene. 

13. Feuille selon la revendication 1, dans laquelle la 
couche adhesive comprend une substance chro- 
mogene, 

14- Feuille selon la revendication 11, dans laquelle ia 
substance chromogene est un colorant fluorescent. 

15. Precede de detection d'un micro-organisme, qui 
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comprend la mise en contact de la surface d'une 
couche adhesive d'une feuille adhesive sensible a 
la pression selon la revendication 1 avec la surface 
d*un objet d'essai et ensuite la mise en contact de 
la couche adhesive avec une solution aqueuse pour 
permettre sa dissolution, piegeant ainsi un micro- 
organisme dans la membrane permeable d Teau, 
ladite couche adhesive ou solution aqueuse conte- 
nant un reactif chromogene. 



16. Precede selon la revendication 15, dans lequel la 
surface de la couche adhesive de la feuille adhesive 
sensible a la pression selon la revendication 1 est 
mise en contact avec la surface d'un objet d'essai, 

15 et ensuite la surface de la couche adhesive est mise 
en contact avec une solution aqueuse contenant 
une enzyme et un substrat chromogene. 

17. Precede selon ia revendication 15, dans lequel la 
20 feuille est celle de la revendication 1 , 

sa couche adhesive comprenant un substrat chro- 
mogene, et la surface de la couche adhesive est 
mise en contact avec une solution aqueuse conte- 
nant une enzyme, apr^s contact de la surface de 
25 ladite couche adhesive avec la surface de I'objet 
d'essai. 

18. Precede selon la revendication 15, dans lequel la 
feuille est celle de la revendication 1 , 

30 sa couche adhesive comprenant une enzyme, et la 
surface de la couche adhesive est mise en contact 
avec une solution aqueuse contenant un substrat 
chromogene, apres contact de la surface de ladite 
couche adhesive avec la surface de I'objet d'essai. 

35 

19. Precede selon la revendication 15, dans lequel la 
feuille est celle de la revendication 1 , 

sa couche adhesive comprenant un substrat chro- 
mogene et une enzyme, et la surface de la couche 
40 adhesive est mise en contact avec de I'eau, apres 
contact de la surface de ladite couche adhesive 
avec ta surface de I'objet d'essai. 

20. Precede selon la revendication 15, dans lequel la 
45 feuille est celle de la revendication 1, 

et la surface de la couche adhesive est mise en con- 
tact avec une solution aqueuse contenant un anti- 
corps marque par une enzyme dirige contre le mi- 
cro-organisme a detecter et un substrat chromoge- 
50 ne. apres contact de la surface, de ladite couche 
adheaive avec la surface de I'objet d'essai. 

21. Precede selon la revendication 15, dans lequel la 
feuille est celle de la revendication 1, 

55 sa couche adhesive comprenant un anticorps mar- 
que par une enzyme dirige contre le micro-organis- 
me a detecter, et la surface de la couche adhesive 
est mise en contact avec une solution aqueuse con- 
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tenant un substrat chromogene, apres contact de 
la surface de ladite couche adhesive avec la surfa- 
ce de Tobjet d'essai. 

22. Precede selon la revendication 15, dans lequel la 5 
feuille est celle de la revendication 1 , sa couche ad- 
hesive comprenant un anticorps marqu6 par une 
enzynne dirlg6 contre le micro-organisme a detecter 

et un substrat chromogene, et la surface de la cou- 
che adhesive est mise en contact avec de I'eau, io 
apres contact de la surface de ladite couche adhe- 
sive avec la surface de I'objet d'essai. 

23. Precede selon !a revendication 15, dans lequel la 
feuille est celle de la revendication 1 is 
et la surface de la couche adhesive est mise en con- 
tact avec une solution aqueuse contenant une 
substance chromogene, apres contact de la surfa- 
ce de ladite couche adhesive avec la surface de 
I'objet d'essai. 20 

24. Precede selon la revendication 15, dans lequel la 
feuille est celle de la revendication 1 

sa couche adhesive comprenant une substance 
chromogene, et la surface de la couche adhesive 25 
est mise en contact avec de I'eau, apres contact de 
la surface de ladite couche adhesive avec la surfa- 
ce de I'objet d'essai. 

30 
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